

Westinghouse needs engineers 
with light experience 



unless they prefer 
to work in the dark. 



Ever since George Westinghouse lit 
up the 1 893 Chicago Exposition with 
alternating current (a first), we've 
been shedding a lot of light on 
America. Today, our nuclear power 
plants light many of the world's 
brightest cities. We're working on an 
advanced breeder reactor. Our new 
spherical laser is the most efficient 
of its kind. 


We also get around in the dark. 
Unique Westinghouse Side Look 
Radar gets images through cloud 
cover or through the dark. Our new 
12-lb camera sees in the dark, and 
will relay live pictures from the moon. 
Two Westinghouse sonar systems 
provide images of the ocean floor. 

Which doesn't even start to de- 
scribe Westinghouse. We’re also in 


You can be sure... if its 


computers, construction, oceanog- 
raphy, urban redevelopment, trans- 
portation, medical science and more 
Is that any way to run an electrical 
company? 

We think so. If you think so. talk 
with our campus recruiter or write 
Luke Noggle, Westinghouse Educa- 
tion Center, Pittsburgh. Pa. 1 5221 
An equal opportunity employer. 

Westinghouse (g) 




Can tliere be this kind of excitement in engineering? 



Try Xerox and see 


„ 3 c “ m P u lerized system that speed 

tests on new products and components. 


» if you need more excitement, you might find 
on the 42 golf courses in the Rochester 


area. 


A long beautiful drive ... just the hint of a slice . . . and almost on 
the green. Now, address the ball . . . concentrate— and, wham ! to a lie 
four feet from the cup. 

That’s the excitement of the game that gets a golfer up at dawn 
on Saturdays.* We think it’s analogous to the excitement that keeps some 
of our technical people on the job after hours: the pleasure of personal 
achievement in solving problems for which there are no book solutions. 

One of the concerns of our management is to see that our professional 
people experience this kind of excitement. They know where it can 
lead ... a payroll that numbered 3,000 in 1960, for example, now exceeds 
24,000 . . . products that have literally revolutionized communications and 
are having a world-wide impact on such problems as illiteracy. 

That’s why we suggest that if you’ve been missing out on the kind of 
professional satisfaction you expected from an engineering career, 
look into what Xerox can provide in the way of engineering 
excitement. Your degree in Engineering or Science can qualify you for 
some intriguing openings in fundamental and applied research, 
engineering, manufacturing and programming. 

See your Placement Director or write to Mr. Roger Vander Ploeg, 

Xerox Corporation. P.O. Box 251, Webster, New York 14580. 

XEROX 

An Equal Opportunity Employer (m/ f ) 
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Right now, hundreds of engineers, chem- 
ists, and physicists are exploring their own 
ideas at NCR. We encourage them because 
we consider idea-people as the backbone of 
technological advancement in our field of 
total business system development. 

And it works. Business Management maga- 
zine, in a list of “emerging ideas,” credits 
NCR with two out of seven: pioneering in 
laser technology for recording data, and 
development of our new PCM I microform 
system. 

Whether you're a seasoned pro, or an 
ambitious self-starter, and whatever your 
degree, if the excitement and satisfaction 
of start-to-finish idea development appeal 
to you, you'll go far with NCR. And so will 
your ideas. 

Here's a good idea to start with: write to 
William G. Benner, Coordinator, College 
Relations, Executive and Professional 
Placement, NCR, Dayton, Ohio 45409. 

An Equal Opportunity Employer. 
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I wanted to get in 
on the ground floor 
of a growth industry. 
That’s why I joined IBM!’ 


“Big as it is, the information process- 
ing industry is just beginning to 
grow,” says Andy Moran. He earned 
his B.S.E.E. in 1966. Today he’s a 
Marketing Representative with IBM. 

His views are shared by many. Re- 
cently, Fortune estimated that the 
value of general purpose computers 
installed in this country will more 
than double by 1972. Other publica- 
tions have other predictions, and 
probably no source is totally precise. 
Bui most agree that information proc- 
essing is one of America’s fastest 
growing major industries. 

With growth like that going for you, 
promotions can come fast. Last year, 
for example, we appointed over 4,000 
managers— on performance, not sen- 
iority. Here are three ways you could 
grow with IBM : 

1. Engineering and Science . You 
could work in Research, Design & 
Development, Manufacturing, Prod- 


uct Test, Space and Defense Proj- 
ects, or Field Engineering. You’ll 
need at least a B.S. in any technical 
field. 

2. Marketing . Career areas include: 
Data Processing Marketing and Sys- 
tems Engineering, Office Products 
Sales, and Information Records 
Sales. You’ll need a B.S. or B.A. in 
any field. 

3. Programming . Career areas in- 
clude: Systems Programming, Appli- 
cations Programming, Programming 
Research, and Programming for 
IBM’s own use. You’ll need at least 
a B.S. or B.A. 

A good place to grow 

No matter how large a project may 
be, we break it down into small units. 
People-size units. It makes for quick 
recognition of achievement. 

Want to get a Master’s or Ph.D.? Our 
Tuition Refund Program could help 


you with the financial end of things. 
And if you have a favorite location, 
consider this: we have over 300 lo- 
cations in the U.S. 

Check your placement office 

If you’re interested in what IBM can 
offer you, check with your placement 
office to arrange for an interview or 
to acquire more information. If an in- 
terview is not convenient, you may 
send a brief letter or resume to Mr. 
Paul Koslow, IBM Corporation, De- 
partment BK2024, 425 Park Avenue 
New York, New York 10022. 

We’d like to hear from you even if 
you’re headed for graduate school 
or military service. 

An Equal Opportunity Employer 


IBM. 
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A NEW GRADUATE ENGINEERING PROGRAM 

This past summer, THE GEORGE WASHINGTON 
UNIVERSITY in cooperation with THE NATIONAL 
AERONAUTICS AND SPACE ADMINISTRATION’S 
LANGLEY RESEARCH CENTER announced a full resi- 
dent graduate program leading to the degree of Master of 
Science in the fields of Aeronautics, Applied Mechanics, 
Astronautics, Mechanical Engineering, Electrical and Com- 
puter Engineering. 

Programs or study are designed to meet individual 
interests and needs with provision for collateral study in 
related areas. The graduate programs are arranged so that 
the student carrying two courses a semester may complete 
his course work for the masters degree in two years. This 
program contains the necessary flexibility to accommodate 
the beginning graduate student as well as those with 
graduate transfer credits. 

Students may be permitted to transfer a maximum of 6 
semester hours of approved graduate course credit from 
other accredited institutions. 

The courses will be taught by NASA scientists and 
engineers and the faculty of the GEORGE WASHINGTON 
UNIVERSITY’S SCHOOL OF ENGINEERING AND AP- 
PLIED SCIENCE. NASA-Langley’s extensive scientific and 
engineering facilities and equipment will be utilized when- 
ever feasible. 

The graduate programs are open to qualified NASA 
employees and area residents. Courses may also be taken by 
nondegree students, with the approval of the instructor. 


ENGINEER'S COUNCIL 

COUNCIL POSITIONS OPEN 

George Stellar, president of the Engineers Council, 
announced three positions open on the Council. These 
inc ude two Freshman Representatives and one Sophomore 
Representative. Those interested in these positions should 
o tain petition information from any member of the 
hngineers Council or Room 100 Tompkins Hall. At the end 
o cto er an election will be held to fill these positions. 


DR. EFTIS RECEIVES GRANT 

Dr. John Eftis, associ- 
ate professor of Engineer- 
ing and Applied Science, 
Department of Engineer- 
ing Mechanics, School of 
Engineering and Applied 
Science, The George Wash- 
ington University, has re- 
ceived a $ 1 000 grant from 
the American Society for 
Testing and Materials 
(ASTM). 

He will use the grant in 
his continuing research on 
the alkali metals which has 
developed theoretical expression, based on quantum con- 
siderations, for (1) strain-energy, (2) non-linear stress- 
deformation relations, (3) a necessary condition for hyper- 
elastic response, (4) second-order isothermal elastic coeffi- 
cients, and (5) the components of the acoustical tensor. 

ASTM annually presents grants to engineering and 
science schools to promote pure and applied research in 
materials or the properties of materials. Each school selects 
its respective recipient of the grant. The funds are placed at 
the disposal of the faculty member who is directing the 
selected research project and he may use them for the 
purchase of equipment or materials, or for the support of 
faculty or student personnel engaged on the project. 

ASTM is an international, nonprofit, technical, scien- 
tific, and educational society concerned with research and 
standards for products and for materials of every type. It is 
the largest developer of nationally used voluntary standards 
— both industrial and consumer — in the United States. 

Dr. Eftis is a native of New York City. He received his 
B.C.E. degree in 1952 from The City College of New York, 
his M.S.C.E. degree in 1958 from Columbia University, and 
his D.Sc. degree in 1967 from The George Washington 
University. 

Dr. Eftis joined the faculty of George Washington 
University in 1962 as assistant professor of Engineering and 
Applied Science. At the same time he was a researcher in 
the Mechanics Branch of the Naval Research Laboratory 
and a consultant for several firms. 

From 1964-67 he was a graduate student at the 
University and in 1967 assumed his present position as 
associate professor. 



Dr. John Eftis 
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METEORITES YIELD RARE FORM OF DIAMOND 

Diamonds, of a structure never before found in nature, 
have been identified in some meteorites by scientists at 
General Electric’s Research and Development Center. 

Though scientists have known for decades that certain 
meteorites contain diamonds, these were believed to be of 
the ordinary “cubic” structure - the diamond form used 
for gem stones and industrial abrasives. 

The substance identified by G.E. scientists, known as 
“hexagonal” diamond because of its crystalline structure, 
was originally synthesized from graphite at the Research 
and Development Center, but never before found in nature. 
However, the conditions under which this new substance 
was created in the laboratory suggested strongly that it 
might occur in meteorite samples. 

Scientists at G.E.’s R & D Centers have now discovered 
that hexagonal diamond is associated with ordinary dia- 
mond in meteorites - a discovery that casts new light upon 
the formation of diamonds in meteorites. Previously, some 
scientists suspected that meteorite diamonds were formed 
by intense heat and pressure deep inside celestial bodies at 
least the size of the moon. However, other scientists 
theorize that the meteorites never belonged to such large 
“parent” bodies and that the fragments underwent a violent 
impact with the earth or with other objects deep in space. 

Using careful X-ray studies, the Center scientists have 
shown that the meteorite diamonds were formed directly 
from graphite by intense impact shock, rather than from 
heat and pressure within a large “parent.” Identification of 
hexagonal diamond in meteorite samples was made by Drs. 
F. P. Bundy, R. E. Hanneman, and H. M. Strong. 

In G.E.’s laboratory process for making hexagonal 
diamond, a well crystallized sample of graphite is subjected 
to pressure as high as three million pounds per square inch 
and heated to temperatures above 2,400° F, the “setting” 
temperature of hexagonal diamond. The sample is then 
allowed to cool before the pressure is released, and a 
mixture of hexagonal and cubic diamond is formed. 



G. E. scientists study models of hexagonal and cubic diamond. 


WESTINGHOUSE SCIENTIST ‘IRONS' 

DEFECTS OUT OF MATERIALS 

A Westinghouse scientist has discovered a way to “iron” 
certain materials with heat and pressure to change their 
properties. He indicated that a new class of materials may 
eventually result. 

Dr. Abraham Taylor, a physicist at the Westinghouse 
Research Laboratories, devised a method to press out the 
holes left by “misplaced” atoms in what scientists call 
defect-laden alloys and components. Dr. Taylor uses pres- 
sures ranging from half a million to a million and a half 
pounds per square inch. By contrast, pressure a mile deep in 
the ocean - enough to crush a submarine - is less than 
2,500 pounds per square inch. 

The “ironing” is done at red-hot to white-hot tempera- 
tures between 1,500 and 3,000 degrees Fahrenheit, and is 
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followed by rapid cooling. This shapes up the molecular 
structure of the material so that the atoms are neatly 
arranged in crystal form. The effect of the treatment is like 
that of a sponge pressed flat, except that the change is 
permanent unless the material is again heated several 
hundred degrees. 

The process applies to materials such as titanium 
monoxide, which are normally full of many sub-micro- 
scopic holes where an atom should be but isn’t — 
sometimes as many as 25 per cent of the atoms of each 
element in the material are out of place. All or only some 
of the holes may be eliminated, depending on degree of 
property changes sought. Dr. Taylor reported an experi- 
ment where squeezing the holes out of titanium monoxide 
more than tripled its superconducting critical temperature. 
This is the temperature where materials suddenly lose all 
resistance to electric current, a phenomenon important to 
modern technology. 

Dr. Taylor stated that it is well known that these holes 
can exert a tremendous influence on other physical 
properties such as electrical resistance, elasticity, aging, 
working characteristics and magnetic qualities. He also 
stated that the elimination or reduction of the holes might 
result in a new class of materials. Westinghouse is continu- 
ing to investigate the potentials. 

EAI 580 DESK TOP ANALOG/HYBRID 
COMPUTING SYSTEM 

Electronic Associates, Inc., manufacturer of scientific 
computing systems, announced the EAI 580 Analog/Hybrid 
which is a completely new solid-state ten volt, desk-top 



Model of atomic structure of titanium monoxide after being "ironed 
out" by new process. 



EAI 580 analog/hybrid computing system equipment. 


computer with a capacity of 80 computing amplifiers and 
eight comparator amplifiers. It is an advanced analog 
computer that is easy to understand and operate, in 
addition to providing all the capabilities needed for 
integration into a hybrid computing system. 

The 580 was born out of the growing need for high 
performance analog computation, as well as the require- 
ment for a hybrid oriented desk-top computer. It combines 
the low cost of a desk-top computer with the outstanding 
characteristics and sophistication of more costly medium 
and large scale analog/hybrid computers. It also offers the 
features a digital computer user needs so that he may take 
advantage of the additional capability afforded by both 
hybrid and modern analog computation. 

The following features of the EAI 580 reflect the 
advanced analog and hybrid computing capabilities of the 
system. 

• Mode selection, time selection and computing compo- 
nent control are accomplished by logic signals. All interator 
trays in the computer can be controlled individually, or in 
groups from the analog mode control, digital logic program 
or by a digital computer. This important feature permits 
the efficient use of iterative analog and hybrid techniques 
for the solution of boundary value problems and partial 
differential equations. 

• Electronic Mode Control allows higher problem solu- 
tion speeds, and more flexible control of integrators from 
logic devices by incorporating solid-state switches in place 
of relays. 

• Outstanding dynamic and static characteristics of the 
analog computing elements permits high speed repetitive 
and interative, as well as real time operation, with maxi- 
mum accuracy, 

• The self-contained logic expansion of general purpose 
logic gates, flip-flop registers, counters and digitally con- 
trolled analog switches allow decision making, event initia- 
tion, data reduction, timing and control to be accomplished 
directly in the EAI 580. When operating with a digital 

CONTINUED PAGE 10 
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computer the logic can be either synchronized with an 
internal clock system or slaved to an external signal from 
the digital computer. 

• The EA1 580 is the first desk-top analog computer with 
servo set potentiometers. Up to 70 servo pots can be read 
and set up using either the keyboard addressing system of 
the analog console or the digital computer. In pure analog 
problems they allow faster potentiometer setup. In hybrid 
problems these automatically adjustable potentiometers 
may be set to coefficients calculated by the digital 
computer. They may also be used directly to vary param- 
eters during a simulation by means of a manual propor- 
tional controller. 

• The computing capability of the 580 can be convenient- 
ly expanded in the field without additional console wiring. 
The computer console is completely pre-wired to accept a 
variety of plug-in components. Power supplies provided 
with the basic computer are capable of operating a fully 
expanded console. In addition, extensive trunking and 
slaving facilities permit the combined operation of several 
580’s as one large system. 

• The EAI 580 simplifies and insures full integration into 
a hybrid computing system by providing for direct addition 
of a built-in hybrid control interface. 

The EAI 580 is the ideal machine for use in govern- 
ment, industrial and educational facilities, providing the 
user with an analog/hybrid computing capability to analyze 
the myriad of increasingly complex problems occurring in 
virtually every scientific discipline. Scientists and engineers 
involved in the study of dynamic physical systems will find 
that the computer gives them the ability to solve an 
extensive variety of problems. At the same time, simplicity 
of operation offers the beginner the opportunity to become 
familiar with the superior performance and sophistication 
demanded by and essential to seasoned users of analog and 
hybrid computers, says Electronic Associates, Inc. 


WESTINGH0USE INVESTIGATING ELECTRON 
BEAM ROCK CUTTER 

Dr. B. W. Schumacher, a scientist for Westinghouse 
Research Laboratories, has been experimenting with an 
electron beam rock cutter that could carve tunnels out of 
mountains with its powerful beam of energy. 

As described by Dr. Schumacher, the instrument shoots 
out a narrow beam of electrons a few inches long that looks 
like a white-hot needle. Dr. Schumaher stated that it melts 
through many kinds of rock like a hot knife through wax. 
When fully developed, the device could be used for tunnels, 
trenches for pipes, quarries and mines, where it should 
prove to be faster than other methods. It works just as well 
under water as above. It even cuts through iron rods in 
reinforced concrete, and might be particularly useful when 
city streets have to be dug up. 


The energy density of an electron beam - the punch 
that it packs - can exceed that of all other known 
continuous duty energy sources such as flame jets and laser 
beams. The electron beam rock cutter will be more mobile 
than mechanical cutters and drills, because it has no ‘kick’ 
requiring elaborate bracing and support. And it will avoid 
the jarring and weakening effects that blasting produces in 
surrounding areas. Dr. Schumacher also stated that the 
device can make clean melt-cuts for carving out sections of 
rock or, in certain kinds of rock, can produce stresses that 
spall the surface (cause it to shatter and flake off). Flame 
cutters such as the oxygen torch can only spall rock 
because of heat spread, but the rock cutter aims electrons 
like bullets that penetrate to maximum depth almost 
instantly. Dr. Schumacher stated that indications are that 
the electron beam rock cutter will be economically com- 
petitive with other methods. 



Electron beam rock cutter slices through granite rock. 


The major problem in developing the device was that an 
electron beam must be formed in a high vacuum, yet there 
has to be a hole in the assembly to let the beam out. This 
was solved by arranging a series of continuously pumped 
vacuum chambers in the instrument, with apertures along 
the path of the beam, and by having a steady stream of gas 
blow out of the last aperture to prevent dirt and debris 
from being sucked in. 

Electron beams produce X-rays, but at the voltage level 
of the rock cutter they are readily contained by shield ino 
Dr. Schumacher said. 

The electron beam rock cutter is a 300 pound unit 
consisting of a power supply and an electron gun. It is 
operated by remote control from a console. 
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What company was responsible for the 
following engineering innovations? 

The transistor 

Radio astronomy 

Negative feedback 

High Fi and Stereo 

Synthetic crystals. 

TV transmission 

Magnetic tape 

Sound motion pictures 

Microwave relay 

Electronic switching 

The solar battery 

Telstar - — 


The reason we give this "test" is because 
the answer to all of the questions is: 
the Bell System. And because, if the 
thought of working for us ever crosses 
your mind, we wanted you to know what 
kind of company you'd be in. 

Be sure to see your Bell System recruit- 
ing team when they visit your campus. 
Or ask your Placement Director for the 
name of the Bell System recruiter at the 
local Bell Telephone Company. 

We hope the above final can be the start 
of something great. 

( 2 ) AT&T 



DEAN HAROLD LIEBOWITZ 

MORE THAN OUR SHARE 


The years at college should be wondrous years filled 
with the excitement of learning, of obtaining general and 
specialized knowledge, to understand man in relationship to 
himself and his society and the world in which he lives. It is 
time for the student to achieve a sense of wonder of the 
past, a working knowledge of the present, and an inkling of 
the limitless possibilities of the future. The days and nights 
should be filled with this love of learning and a desire and 
motivation to devote oneself to the rigorous discipline 
necessary to prepare for the future. 

Too often, however, these are years of plodding and 
drudgery. The faculty dutifully exposes the student to what 
is considered requisite and the student dutifully absorbs, 
usually not very deeply, to the point where he is able to 
recall sufficient of the information to achieve passing 
grades. This is a most unfortunate situation. 

Fortunately, one man can make the difference between 
dullness and wonder, between doing the bare minimum and 
burning the midnight oil. These gifted teachers are among 
our rarest resources and the School of Engineering and 
Applied Science is indeed lucky in its faculty. 


With the gifted teacher every bit of knowledge is almost 
an adventure. Every fact, idea, or concept is not an end in 
itself, but the consequence of some previous work or 
thought and is leading, implicitly or explicitly, somewhere 
else. The information may be related to several other 
disciplines. It may suggest ideas in the humanities and social 
sciences. The gifted teacher will excite his students by 
making all these relationships and implications clear He 
overwhelms the student, confuses and forces him to think 
and work by himself to the point where the student is 
sufficiently conditioned to undertake independent study 
The gifted teacher achieves immortality through his students' 
The gifted teacher is first of all a master in his field He 
stands at the outer limits of the state of the art, and is fully 
aware of the limitations of Iris knowledge. He is usually 
impatient to push the limits as far as he can. He is able to 
excite, motivate, inspire, direct, and guide his students 
Along with the transmission of knowledge he will also in 
some mysterious manner imbue the student with a love of 
learning and condition him to the point where no effort is 
considered too great. 
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Thus, the keystone of any educational institution is its 
faculty. While it is desirable to have a physical plant that is 
attractive, spacious, and conducive to concentrated effort; 
it is more desirable to have a first rate faculty, dedicated to 
their disciplines and devoted to their students by being 
consistently responsive to their changing needs. 

In addition to the various explosions that the world is 
experiencing in information and population, there is also 
here in the United States an extensive increase in the 
college population that has not yet reached the point of 
explosion but is not far from it. 

The increase in student population has had an immedi- 
ate effect upon all schools and colleges. There is a need for 
buildings, facilities, and equipment, and even more impor- 
tant, teachers. While it is possible to accelerate the 
construction of buildings and facilities, it is not quite that 
simple to obtain first rate teachers. 

There have been many studies made on how best to 
overcome the teacher shortage. Many ideas have been 
advanced, including: programmed learning utilizing teach- 
ing machines and computers; closed circuit TV; taping 
lectures on video tape and using them in outlying areas at a 
later date. There are many more worthwhile ideas that have 
been advanced and utilized, many of them showing much 
promise. There is no point or purpose served in the sterile 
argument as to whether the teacher can be replaced by a 
teaching machine. Teaching machines serve a very useful 
purpose and are best used to augment and enhance learning 
at every level. 

The complexity of the teaching process can be gleaned 
from a dictionary definition of the term “teach”: “to cause 
to know a subject; to cause to know how; to accustom to 
some action or attitude; to make to know the disagreeable 
consequences of some action; to guide the studies of; to 
impart the knowledge of; to instruct by precept, example, 
or experience; to seek to make known and accepted.” 

In addition to these various shades of meaning, the 
dictionary also offers the following synonyms: “Instruct; 
education; train; discipline; and school. Teach applies to 
any manner of imparting information or skill so that others 
may learn; Instruct suggests methodical or formal teaching; 
Educate implies attempting to bring out latent capabilities; 
Train stresses instruction and drill with a specific end in 
view; Discipline implies subordinating to a master for the 
sake of controlling; School implies training or disciplining 
especially in what is hard to master or to bear.” 

The insights afforded by the dictionary definition of 
the complexity of the teaching process also makes clear the 
reasons why teaching machines cannot replace the teacher. 

One aspect not covered by the dictionary definition of 
“teach” is the inspiration or motivation of the student by 
the first rate teacher. Using the conventional course 
materials, the first rate teacher can present the information 
in a manner which involves the student to the point where 


he must go beyond the limits of the course as taught; where 
he must find out for himself, as quickly as possible; where 
he must relate his information with all other knowledge 
that he has. 

The School of Engineering and Applied Science is 
particularly fortunate in having more than its share of first 
rate faculty members, who have distinguished themselves 
by the range of their experience in teaching and directing 
research. Many educators believe that at the higher levels of 
education, the teaching experience can only be meaningful 
when it is tied to research. 

As examples of first rate faculty, biographical descrip- 
tions are included only for the department chairmen and a 
few of the members who have recently joined the staff. 
This limitation, because of space considerations, is unfortu- 
nate because nearly all the faculty members would merit 
serious consideration on anyone’s list of first rate teachers. 
However, a later edition of MECHELECIV will include an 
introduction to all the faculty of this Engineering School. 

Dr. Galip M. Arkilic, professor and chairman of the 
department of engineering mechanics has served for more 
than 10 years on the faculty of this School. Dr. Arkilic did 
his undergraduate work at Cornell university; obtained his 
masters degree in mechanics at the Illinois Institute of 
Technology; and completed his doctorate in theoretical and 
applied mechanics at Northwestern University. He taught 
for several years at Pennsylvania State University and has 
considerable full-time industrial and consulting experience. 
Dr. Arkilic has published many papers, including: “Studies 
in the Theory of a Dislocated Continuum;” “A Formula- 
tion of Displacement Equations from Quantum Mechanical 
Energy Considerations;” and “On Continuous Distributions 
of Dislocations.” 

Dr. Louis de Pian, professor and chairman of the 
department of electrical engineering, has served for more 
than 1 1 years on the faculty of this School. He did his 
undergraduate work at the University of Athens and 
obtained his advanced degrees, M.S. and Ph.D., in electrical 
engineering at Carnegie-Mellon Institute. Dr. de Pian taught 
at Carnegie-Mellon for several years and has extensive expe- 
rience as a consultant. He is the author of “Linear Active 
Network Theory,” published by Prentice-Hall, and has also 
written many papers, including: “Analysis of Multi-Terminal 
Networks,” “On the Stability and Dynamic Behavior of 
Cascaded Thermoelectric Devices,” and “Scattering Matrix 
Parameters for Thermal Transducers.” 

Dr. Herbert E. Smith, professor and chairman of the 
department of engineering administration, has served on the 
faculty at this School for more than 9 years. Dr. Smith did 
his undergraduate work at the College of the City of New 
York and obtained his advanced degrees, M.S. and Ph.D., at 
New York University. He taught for several years at the 
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OPERATIONS RESEARCH 

ITS AIMS AND METHODS 
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OPERATIONS Research was identified as a separate ac- 
tivity during World War II, when groups of scientists were 
conducting research on military operations. The purpose of 
their studies was basically to assist commanders in making 
the best use of men and equipment to accomplish a desired 
objective. Spurred by the early successes in the military 
field, operations research grew in stature and sophistication, 
and its methods were quiskly adopted by industry. Opera- 
tions research is interested in the same problems as 
management, whether military or industrial, and seeks to 
provide executives with an analytical tool to assist them in 
evaluating alternative courses of action in decision making. 

This is not intended to give you a short course in 
operations research - commonly called OR - but rather to 
discuss the philosophy of OR and to touch on some of the 
methods used. Although OR is “research,” it differs from 
the classical concept of laboratory research in the physical 
sciences. The laboratory research worker generally can 
collect his data by conducting experiments over which he 
has almost complete control and which he can repeat as 
often as he wishes. The OR scientist, on the other hand, is 
often concerned with the study of a dynamic system over 
which he has little control. 

The following remarks are slanted exclusively toward 
military OR, since that is where my experience lies, 
although this is but one of the many areas of application of 
OR methods. 

Our aim in studying the operation of a system is to seek 
ways of improving it. Perhaps the operation, whatever it is, 
can be carried out with fewer men, at less cost, or in a 
shorter time. 


For our purpose,* system is any group of objects - 
men and machines, for example - that are related in some 
way, to perform a specific operation or mission. The armv 
as a whole is a system; and on a smaller scale, a man with a 
rifle is a system. 

Since military OR is concerned with improving the 
effectiveness of the army, why not study the operation of 
the army as a whole? For example, if a question arose as to 
how a portion of the Army budget should be spent to 
obtain the maximum increase in effectiveness, OR would be 
useful tool to examine whether it would be of most value 
to expend the funds on weapons, training, communications 
equipment, etc., in the light of the Army’s missions. 

If, on the other hand, the problem is to improve the 
effectiveness of an infantry soldier on a patrol mission 
(does he need a more accurate weapon, a higher rate of fi re 
more food, or less?) it would obviously be impractical to 
study this in the context of the operation of the Army as a 
whole. Thus the size of system for study should be selected 
so that it includes all factors relevant to the problem but 
not so large that we are swamped with vast amounts of 
extraneous data. 

One might say that it is always desirable to have more 
weapons, bigger weapons, more lethal weapons, and that no 
study should be necessary to show that the Armv’ 
capabilities would be improved it it were equipped with the 
most modern and most powerful weapons. However this • 
shallow thinking, since it ignores the mission or the 
operation. For example, for operations in Southeast Asia 
an OR study might show that it would be more effective to 
equip the Army with 105 mm howitzers, which could be 
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moved about fairly readily, than with more powerful but 
heavier 155 mm guns, which might bog down in the mud a 
large percentage of the time. 

The question is sometimes asked: To what extent does 
operations research differ from systems engineering? I 
won’t try to define these terms, because it is possible, by 
choosing your words appropriately, to indicate either that 
the two disciplines are entirely different or that they are 
essentially similar. Perhaps 1 can illustrate my own views on 
how they differ by an example. 

Suppose that a unit commander in Southeast Asia has 
been involved in operations where he has tried to move 
across country but found that his vehicles kept getting 
stuck in the rice fields. Since the term “mobility” seems to 
be fashionable these days, the Commander’s report to 
Headquarters would probably be an agonized plea for more 
mobility. 

If this problem is given to an engineer, the chances are 
that his approach will be to measure soil bearing strengths 
in the area, determine bank gradients of streams, examine 
the merits of wheels versus tracks, and eventually come up 
with a design for a vehicle that performs better than the 
previous ones. 

On the other hand, if the problem is assigned to an OR 
scientist, his first approach should be to study the 
operation in which the vehicle is to be used. What is the 
purpose for which the unit has to move from A to B? What 
is the time element involved? Why is a vehicle needed? 
Could the operation be performed equally well (or better) 
on foot, on bicycles, using elephants, pogo sticks, or 
helicopters? It it appears that a vehicle is needed, then the 
problem should be turned over to the engineers to design a 
vehicle with the necessary performance capabilities. 

By this example 1 don’t mean to imply that the work of 
the OR scientist is any more important than that of the 
engineer, but that the two activities are complementary. 
Both are important and necessary. The OR study, however, 
should generally precede the engineering study to ensure 
that effort isn’t expended to produce a better mousetrap if 
what is needed is a flyswatter. 

An important aspect of an OR scientists’s job is to 
define the problem, since the person asking a question does 
not always recognize what his real problem is. Once you 
have defined the problem clearly, you’re usually well on the 
way to finding a solution. 

Let me illustrate this with an experience from World 
War 11, when the tank battles were raging across the deserts 
of North Africa. For a time, the British tank gunners were 
having considerable success against the Germans. Then 
suddenly the situation changed: The Germans began knock- 
ing out British tanks, whereas the British guns seemed to 
have become ineffective against the Germans. 

Since British intelligence had learned that the Germans 
had introduced a new tank gun sight, the British gunners 


blamed their lack of success on an inferior sight and 
clamored for research to develop a better one. A British 
research group was able to show that the sight was about as 
good as could be developed and that the trouble must be 
elsewhere. Further observations disclosed that the British 
shells were actually hitting the German tanks but broke up 
on impact with the frontal armor plate, which had been 
greatly strengthened. As soon as it was pointed out that the 
problem was in the design of the shell and not in the sight, 
it was a relatively simple technical matter to provide a 
solution. 

Now that you have some idea of the OR approach to a 
problem, you may be interested in some of the methods 
used in our studies. If you talk at any length to an OR 
scientist, you will frequently hear him refer to models - 
physical models and mathematical models. The reason we 
are interested in models is that it is difficult to study a 
system even as large and complex as a company in actual 
operations, let alone something as large as an army. 

A physical model — such as a model train or model 
airplane — is a miniature representation of the real thing 
which is easily handled. Although these models do not 
usually contain all the detail of the original, they simulate 
their full-scale counterparts. 

Thus if we were to try to study the forces involved in 
an actual battle, we might build a physical model of the 
system. We could take a map of the appropriate area, 
deploy toy soldiers or other types of pieces on the map to 
represent the actual forces, move these pieces about 
according to a battle plan, and observe the results. This is 
essentially what is done in war gaming. 

What we would prefer to do - but this is not always 
practical — is to build a mathematical model of the system 
under study so that we can do our minipulations with a 
pencil and paper instead of physically moving pieces about 
a table. A mathematical model is nothing more than a series 


Mr. Rae is presently a member of the Technical Staff 
of the Research Analysis Corporation in McLean, Vir- 
ginia. He received his B.A. in Mathematics and Physics 
with honors at the University of Toronto in 1938. His 
M.A. degree in Physics was earned in 1939, with his the- 
sis entitled “Methods of Quantitative and Qualitative 
Spectroscopic Analysis.” 

He worked for the Meteorological Service of Canada 
from 1940 to 1953. From 1953 to 1955, Mr. Rae was 
Defense Scientific Service Officer, Defense Research 
Board, Canada. Mr. Rae served as a member of the Ca- 
nadian Army Operational Research Establishment from 
1955 through 1963. 
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space probes it is evident to all of us that man ilZLZ 
way toward the great adventure of exploring the univer* 
In the pas the great leaps forward have come about thresh' 
individual motivations. However in this world of todav 
progress is being made through the concerted effort of huge 
laboratories and centers sponsored heavily by the govern 
men . It has become a race against time in the research and 
development area pitting one nation against another In 

essence it is a technical race for survival. ‘ 

It has been said that the greatest gift that we as a 
nation, ever received in modern times was Sputnik Wh/ 
Sputnik went up the whole of the engineering scienT^ 
and educational fraternities woke up. Assessing the 
tion, this nation found itself short of manpower in JI 
and technology, basic research, applied science and research 
and development plants. Federal obligations in tins area had 
to be vastly increased. One of the benef.c.al results was the 
creation of the National Aeronautics and Space Adnnni J 
tion. NASA is now spearheading the svst™ 

scientific search for space knowledge 8 C and 

One of NASA’s principle centers is the Goddn-H q 
F light Center which must carry the brunt f P3CG 
developments in unmanned satellites. Specifically V*? 
responsible for the development of unmanned nrh f * 
satellites in the interests of basic and applied scienc? 


the mecheleciv 




sounding rocket experiments, and NASA’s world-wide 
network of tracking stations serving manned and unmanned 
scientific space missions. In recent months, this center has 
received considerable play from news media because of the 
explosive increase in unmanned atmospheric measurement 
probes, the shift in emphasis on lunar exploration within 
NASA from manned to unmanned highly automated 
vehicles, and the criticisms received from the General 
Accounting Office for the poor past accounting practices in 
managing NASA’s world-wide tracking network. A firm 
understanding of Goddard’s role within NASA is therefore 
definitely in order at this time. 

Established on May 1, 1959, the Goddard Space Flight 
Center is located in Greenbelt, Maryland, Ten miles 
northeast of Washington, D.C. The staff at Goaddard now 
approaches 3,800, of which nearly half are associated 
within the fields of physics, astronomy, geodetics, mathe- 
matics, geology, engineering and astrophysics. 

The areas of study within Goddard can be classified 
into three separate divisions. 

The first division of study could be called the study of 
our origin star, the sun. Since the beginning of time, man 
has always wondered about that blazing inferno which 
burns his skin during the summer and gives him light the 
year round. Now with the advent of the satellite and the 
space probe, which can rid scientists of the translucent 


atmosphere which cuts out a high percentage of the sun’s 
varied radiations, technicians at Goddard have been able to 
observe details and effects of sunspots and solar flares which 
are a basic cause of many phenomena experienced here on 
earth. 

Interplanetary space is the second area in which 
researching scientists are deeply interested. Within this 
region of our solar system probes and satellities have been 
sent to measure radiation, magnetic fields, electron concen- 
tration and radio wave propagation. 

Besides studying solar and interplanetary space data 
technicans at Goddard are also investigating the near-earth 
region called the magnetosphere. This is the region in which 
the magnetic field of the earth exerts a major influence. At 
the equator the magnetosphere extends up some six earth 
radii or 24,000 miles; at the magnetic pies this shield 
becomes much thinner so that solar effects such as the 
aurora occur at much lower altitudes. 

Goddard also manages NASA’s Meteorological Satellite 
Experimentation Program including a most important 
developmental assist to the TIROS operational system 
managed by the Environmental Sciences Service Adminis- 
tration. NIMBUS, the polar orbiting experimental space- 
craft, and all ATS (Applications Technology Satellites) 
geosynchronous spacecraft have been well publicized and 
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City College, Renssalaer Polytechnic Institute, and the 
University of Maryland. Dr. Smith has considerable full 
time industrial and consulting experience. His principal 
publications include “Bibliographical Essay on Engineering 
Management,” and “Cases in Engineering Management.” 

The department chairmen represent an excellent blend 
of rigorous preparation, practical industrial experience, and 
successful teaching. The faculty has been augmented by the 
following members, each of whom has already distinguished 
himself in his field. There is no doubt but that the School, 
the students, and the faculty will be the better for their 
presence. 

Dr. Alfred M. Freudenthal, professor of civil engineer- 
ing and technical director of the Institute for the Study of 
Fatigue and Reliability, did his undergraduate work at the 
Institute of Technology in Prague, obtained his M.Sc. at 
Prague University, and his D.Sc. at the Institute of 
Technology. He has more than 25 years of teaching 
experience at the Hebrew University in Haifa, the Univer- 
sity of Illinois, and Columbia University. He has extensive 
industrial and consulting experience both here and abroad. 
Dr. Freudenthal has achieved an international reputation 
for his research in inelastic behavior and failure of 
materials; mathematical theories of inelasticity; fatigue and 
creep; and structural reliability. He has written more than 
130 papers in technical and scientific journals and has 
written and edited about 8 books. He has received medals 
from the American Society of Civil Engineers and the 
Swedish Aeronautical Society. 

Dr. S. W. Yuan, professor of aeronautical engineering, 
did his undergraduate work at the University of Michigan 
and Stanford University. He completed his advanced 
degrees, M.S. and Ph.D., at the California Institute of 
Technology. He has been teaching since 1945 at the 
Polytechnic Institute of Brooklyn, Universite Laval, and 
University of Texas. He has extensive full time industrial 
experience and is internationally known for his research in 
the Fields of helicopter aerodynamics, structures, stability 
and vibrations. He has authored two books, “Cooling by 
Protective Fluid Film,” Princeton University Press, and 
“Foundations of Fluid Mechanics,” Prentice Hall. He has 
written numerous papers for sicnetific and technical 
journals. 

Dr. Guenther Hintze, research professor, comes to the 
School after 23 years at the White Sands Missile Range 
where he was director of the analysis and computation 
directorate, national range operations. He did his under- 
graduate work and obtained his masters degree at the 
Technical College in Breslau, Germany, and was awarded an 
Honorary Doctor’s Degree by New Mexico State University. 
Dr. Hintze was a part time professorial lecturer at the 
University of Texas, El Paso. He has written many scientific 


articles and recently published his first book: “Funda- 
mentals of Digital Machine Computing.” Dr. Hintze has 
extensive industrial experience and was with Dr. Werner 
von Braun’s group that spearheaded the Army’s missile 
program. Dr. Hintze developed the flight simulation labora- 
tory facilities for performing nondestructive evaluation of 

missile systems by means of mathematical analyses and 
flight simulation techniques. 

Dr. Robert S. Ledley, research professor in the fields of 
computer science and technology and medical engineering 
did his undergraduate and masters work in mathematics at 
Columbia University. He received a degree in dentistry 
(D.D.S.) from the New York University College of Dentis- 
try. Starting in 1956, Dr. Ledley taught for four years at 
the School of Engineering and Applied Science, where he 
organized and taught the first graduate and undergraduate 
courses in digital computers. He has extensive industrial and 
consulting experience in computer utilization with organi- 
zations such as the National Bureau of Standards, the 
Johns Hopkins University, the National Institutes of 
Health, National Science Foundation, Air Force, and 
National Library of Medicine. Dr. Ledley is President of the 
National Biomedical Research Foundation, a private organi- 
zation devoted to the use and application of computers in 
biological, medical, and dental research. Dr. Ledley has 
authored 10 books and has written almost 100 articles for 
technical and scientific journals. 

In the 16th century, Montaigne, who was concerned 
much as we are today, with education and educators, very’ 
perceptively describes the art and practice of the first rate 
teacher: 

“Tis the custom of pedagogues to be eternally thunder- 
ing in their pupils s ears, as they were pouring into a funnel 
whilst the business of the pupil is only to repeat what 
others have said: now I would have a tutor to correct this 
error, and, that at the very first, he should according to the 
capacity he has to deal with, put it to the test, permitting 
his pupil himself to taste things, and of himself to discern 
and choose them, sometimes opening the way to him, and 
sometimes leaving him to open it for himself. 

“Let the master not only examine him about the bare 
words of his lesson, but about the sense and substance of 
them, and let him judge of the profit he has made, not by 
the testimony of his memory, but by that of his life Let 
him make him put what he has learned into a hundred 
several forms, and accommodate it to so many several 
subjects, to see if he yet rightly comprehends its, and has 
made it his own.” 

Great teachers and great writers have much in common 
and we all owe them a great debt of gratitude for the’ 
excitement they create in making us want to learn 
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Class 


This “class photograph” was taken when /3N 
Bethlehem Steel’s 1968 Loop Course convened 
in July. 

We’re proud of them, 180 fine young men and women, 
representing 88 colleges and universities. And now 
they’re on their way toward important management 
responsibilities in this dynamic corporation. 

How about you — are you interested in a career with 
horizons unlimited? 

We need virtually all types of engineers and other 
technical graduates. The assignments we offer were never 
more interesting; your opportunities for progress were 
never better. 

First step: pick up a copy of our booklet, “Careers 
with Bethlehem Steel and the Loop Course,” at your 
placement office, or write to our Manager of Personnel. 

Maybe next year you'll be in the picture! 

Bethlehem Steel Corporation , Bethlehem , Pa. 18016 

BETHLEHEM STEEL 

An Equal Opportunity Employer in the Plansjor Progress Program 


bethIehem 

steel 



DR. G. M. ARKILIC 


DR. G. HINTZE 


DR. H. E. SMITH 


DR. A. M. FREUDENTHAL 


DR. R. S. LEDLEY 
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in the next few years, 
Bechtel engineers will be 


CONTINUING TO LEAD IN NUCLEAR DEVELOPMENT 

HELPING TO CONTROL POLLUTION 

SOLVING MASS TRANSPORTATION PROBLEMS 

PROVIDING MASTER PLANNING FOR URBAN AND INDUSTRIAL DEVELOPMENT 

SERVING INDUSTRY WORLD-WIDE AS DESIGNERS, CONSTRUCTORS, AND PROJECT MANAGERS 


what will you be doing? 


Bechtel Corporation has been a world leader 
in Engineering, Project Management and Con- 
struction for two thirds of a century, serving 
industry and government in such areas as 
conventional and nuclear power, metallurgical 
processing plants, refineries, chemical and 
petrochemical plants, pipelines, various hydro- 
related applications, mass transportation faci- 
lities, and land use and development. 

Bechtel engineers provide complete profes- 
sional services, from economic feasibility 
studies and conceptual estimates to design, 
construction and pre-operational plant testing 
and start-up. 

Bechtel encourages and supports continuing 
education and professional development. In- 
ternal technical and management development 
programs provide the engineer with maximum 
opportunity for personal and professional de- 
velopment. A tuition refund plan and profes- 
sional fee reimbursement program are also 
provided. 

If you are a Mechanical, Electrical, Civil, 
Chemical, or Nuclear Engineer and want to 
learn more about a career in engineering and 
design, conceptual estimating, or construc- 
tion, see your college placement officer or 
contact: 



David E. Ripley 

College Relations 

Bechtel Corporation 

50 Beale Street 

San Francisco, California 941 
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of mathematical equations whose parameters are so selected 
that as the variables in the equations take on values 
corresponding to some operation of our real life counter- 
part, the values generated by our equation will correspond 
to those of the actual operation. As an illustration, perhaps 
the simplest system in the Army is one man with a rifle, 
and let us say that the specific operation of this system is 
the man with a rifle shooting at a target; and the result we 
are interested in is the number of times out of a given 
number of shots that the man hits the target. 

In practice, we know it is unlikely that our man will hit 
the target every time, but that out of N shots, he may hit it 
k times, where k is less than N to a degree dependent on the 
skill of the man and the accuracy of the weapon. From 
elementary probability theory, we also know that as N 
becomes large, the ratio k/N approaches a constant value, 
which we might call p. In other words, 


k 



and the mathematical model of our operation may be 
expressed as 

k = pN 

Thus if N were taken as 100 shots and we had 
previously determined p to be equal to 1/2, the expected 
number of hits would be 50. You may have noticed that 
the value of p had to be previously determined by some 
means. Such a term as this “p,” which is theoretically a 
constant, is what I previously called a parameter; and a 
large part of OR work is concerned with trying to 
determine realistic values for the various parameters that 
appear in the mathematical models that we may dream up. 
We use every means available to us - historical data from 
previous wars, proving ground tests, and field experiments. 
If none of these provides the necessary data, then we have 
to resort to our ultimate weapon, the use of assumptions. 

You may perhaps instinctively feel that if a study leans 
heavily on assumptions, it is not worth much as a basis for 
practical decisions. This is not so, provided that each 
assumption is explicitly stated so that the user knows what 
limitations it imposes. Moreover, if at some subsequent date 
new information becomes available that permits us to assign 
a specific value to what was previously an assumption, we 
can often determine that effect this will have on the final 
result without having to do the entire study over again. 

We sometimes use “parametric analysis” to forestall 
possible criticism over the use of assumptions. For example, 
let us suppose that one of the parameters in our model 


preferred to the distance a given type of unit could move 
on foot in a day over moderately rough terrain. We may 
know from experience that even with the most superhuman 
efforts it is unlikely that the troops will be able to cover 
more than 20 miles. We may also estimate that no matter 
who battle-weary the troops are, they should be able to 
cover five miles. Thus we would have an upper and a lower 
limit for the value of the parameter. We could then work 
the problem through for each of these values and determine 
the results. 

The difference in the two results would provide us with 
a measure of the sensitivity of the problem to that 
particular parameter. If the difference is small, we would 
know that there was no need to expend much effort in 
trying to obtain an accurate value for that parameter; if 
the difference is large, we would do our utmost to try to 
pin down the value of the parameter as accurately as 
possible. 

Although OR is by no means the way to solve every 
problem, an OR scientist should make a sincere effort to 
try to substitute fact for opinion in complex situations 
through the analysis of such facts as can be obtained. With 
this approach, and when done conscientiously by a capable 
staff, OR can be an invaluable aid in the making of 
decisions. 
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are primarily responsible for the great increase in atmos- 
pheric measurements and the general state-of-the-art in 
sensor development. 

In order for any venture into space, manned or 
unmanned, to be successful a continuous flow of informa- 
tion between ground stations and spacecraft must be 
maintained. Goddard Space Flight Center acts as the 
computing hub of NASA’s World-wide Satellite Tracking 
and Data Acquisition (ST AND AN) and Manned Spaceflight 
Centers. Fifteen tracking stations which dot the globe 
provide precision tracking and command and telemetry 
data to the communication center at Goddard. Using 
ultra-modern computers and the latest communication and 
telemetry equipment Goddard is now able to control both 
manned and unmanned vehicles besides handling voice 
communications. 

Now that the painstaking task of building NASA and its 


centers, such as Goddard, has been mostly completed, 
NASA must now routinely go through the agony of 
preserving its entire structure. This has become a formid- 
able task especially since the 1967 Apollo fire, Government 
Accounting Office criticisms of its property accounting and 
the advent of funding cuts necessitated by the Vietnam 
War. NASA as a result is busily pushing and justifying its 
programs centered on the peaceful applications of space 
development and attempting a strong follow through in its 
corrective actions of cost effectiveness. It appears that the 
wonderful pool of engineering and scientific talent at 
Goddard and elsewhere is under some jeopardy for possible 
lack of some managerial abilities that must be a necessary 
ingredient in any such mammoth and successful aerospace 
venture. 

“Mark ye well engineers of G.W.U., get on with your 
advanced degrees in business and management.” The world 
including NASA can well use a man with multiple technical 
and managerial abilities. 


Civil Engineers: 

Get the facts on structural design 
of Full-Depth K Deep-Strength Asphalt 
pavements for highways and streets. 

A new and modern pavement design system that incor- 
porates solutions made from extensive computer analy- 
sis, The Asphalt Institute’s method uses data from the 
AASHO Road Test, the WASHO Road Test, British road 
tests and the in-use experience of several states. 

Today, as more states, counties and cities turn to new Full- 
Depth Asphalt pavement* for all their road needs, there 
is a growing demand for engineers with a solid background 
in the fundamentals of Asphalt pavement design, technology 
and construction. 

Start now to prepare yourself for this challenging future. 
Get the latest information on the Thickness Design Method 
developed by The Asphalt Institute. This modern method of 
structural design is based on extensive evaluations with the 
IBM 1620 and the mammoth IBM 7090 computers. How to 
use this method is explained in The Asphalt Institute’s Thick- 
ness Design Manual (MS-1). This helpful manual and much 
other valuable information are included in the free student 
library on Asphalt construction and technology now offered. 
Write us today. 

•Full-Depth Asphalt pavement is an Asphalt pavement in which asphalt mixtures 
employed lor all courses above the subgradc or improved subgrade Full-Depth 
Pavement is laid directly on the prepared subgrade. Ta— a mathematical 
jgrpbol used in The Asphalt Institute structural design formula to denote Full- 

The Asphalt Institute 

College Park, Maryland 20740 

OCTOBER 1968 
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Thickness Design Charts like this (from the MS-1 manual) are 
used in this computer-derived method. This chart enables the 
design engineer quickly to determine the over-all Asphalt pave- 
ment thickness required, based on projected traffic weight and 
known soil conditions. 


n 

THE ASPHALT INSTITUTE, College Park. Maryland 20740 I 
I Gentlemen: Please send me your free library on Asphalt Con- | 
| struction and Technology, including lull details on your new j 
j Thickness Design Method. 


Name Class or rank. 


School. 
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PAPER TIGERS NEED NOT APPLY. 


Thanks, but they’re just not our type. 
Young engineers who join us are expected 
to move in on some rather formidable 
programs ... with alacrity and lots of 
gusto. And a willingness to assume early 
responsibilities on demanding assign- 
ments is an attribute which we welcome 
warmly. It’s the kind of engineering ag- 
gressiveness that has brought Sikorsky 
Aircraft to dominant stature in a new 
world of advanced VTOL aircraft systems. 

If our criteria parallel your outlook, you’ll 
find an excellent career environment with 
us. You would enjoy working (with a 
select group) on exciting, full-spectrum 
systems development. And you can watch 
your talent and imagination assume 
reality in such diverse forms as Heavy- 
Lift Skycranes— Tilt Rotor Transports— 
High-Speed VTOL Commercial Trans- 
ports — and much more for tomorrow. 


Does this responsibility stir your imagina- 
tion? Then you probably should be with 
us. There's ample opportunity for innova- 
tion in: aerodynamics • human factors 
engineering • automatic controls • 
structures engineering • weight predic- 
tion • systems analysis • operations 
research • reliability/maintainability 
engineering • autonavigation systems 

• computer technology • manufactur- 
ing engineering • information systems 

• marketing . . . and more. 

And your career advancement can be 
materially assisted through our corporation- 
financed Graduate Study Program — avail- 
able at many outstanding schools within 
our area. 

Consult your College Placement Office for 
campus interview dates— or— for further 
information, write to Mr. Leo J. Shalvoy, 
Professional and Technical Employment. 


Sikorsky 

Aircraft 
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That's right. You, too, can be a pilot. 

Join the United States Air Force and qualify for 
pilot training. Become a leader with executive 
responsibility. 

Well, what else? A pilot is the officer in charge 
of a million dollars worth of high flying, sophisti- 
cated supersonic equipment, isn't he? 

Yes, and you'll wear a snappy blue officer's uni- 
form, enjoy officer's pay and privileges. You'll 
probably travel to exotic foreign lands, and have 
a secure future in the biggest scientific and 
research organization. World's biggest. 

You'll be where all the exciting Space Age break- 
throughs are. Where it's happening. Now. Today. 
Right now. This minute. The Air Force is the “now" 
place to be. 

If you yearn to fly and don't try the Aerospace 
Team, you'll miss your big chance. 

let that be a lesson ! 


UNITED STATES AIR FORCE 

Box A, Depf. OEC-810 

Randolph Air Force Base, Texas 78148 
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Pete Drobach has a knack 
for getting to the root of a problem. 


High school students John Magish and John Ripley 
would be the first to agree. 

They’re both student members of a “big brother” 
program that Pete sponsors. Each week, they spend 
several hours of their own time helping less advanced 
classmates with their studies. 

Pete is more than a sponsor. He’s also a consultant — 
particularly when they’re stamped by the logic of a 
tough “new math” problem. 

But when Pete graduated from Rutgers in 1964, it 
wasn’t these youngsters with their homework problems 
that brought him to General Electric. It was the chance 
to help people in industry solve tough technical prob- 
lems. A career in technical marketing at General Elec- 
tric gave him the opportunity. 

Today, Pete’s an application engineer in steel mill 


drives and automation systems. His ideas on how to 
apply products from many of GE’s 160 separate busi- 
nesses enable his customers to improve the efficiency 
and productivity of their plants. y 

Like Pete Drobach, you II find opportunities at Gen 
cral Electric in R&D, design, production or marketing 
that match your qualifications and interests. Talk to 
our man when he visits your campus. Or write for 
career information to: General Electric Company 
Room 801 A, 570 Lexington Avenue, New York N v’ 
10022 . ’ 

699-24 


GENERAL 



ELECTRIC 
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